Introduction
In several recent theoretical investigations concerning the dynamic stability of elastic shell-type structures subjected to transtent loads, it has been found that stability boundaries corresponding 3
to undamped %nd slightly damped mathematical structural models differ markedly. For example, Loci: C I], who considered the snapping of a geometrically perfect sinusoidal arch under a time-step pressure load, found a dramatic dynamic influence on snap-through for the undamped arch and certain arch rises; on the other hand, his analysis of the same problem assuming a small amount of velocitydependent damping indicates little or no difference between static and dynamic snap loads in some of the same arch-rise regions. Similar results were observed by Huang and Nachbar [2] , who investigated the geometrically imperfect sinusoidal arch with and without material damping of the viscoelastic type. Further information is to be found in a paper by Bieniek, Fan, and Lackman [3] , who considered the dynamic stability of a geometrically perfect cylindrical shell under a spatially uniform lateral pressure, applied as a step and ramp-step in time. There it was found that an undamped analysis predicted a significant dynamic effect; the authors, "remark", however, that a small amount of material damping resulted in the same stability boundary for both the dynamically and statically applied loads.
1t

IQ
II
The foregoing investigations indicate the importance of including proper damping mechanisms in a stability analysis involving transiently applied loads. Further, they raise some serious doubts as to the validity (without proper interpretation) of a non-dissipative ann!yri-under such loading ronnditions. It appears, in fact, that for a certain class of stability problems a jump condition exists in the stability boundary with respect to the damping coefficient, say y, at v=O.
In this paper we discuss the role of damping in stability problems of the type [1 -3).
The sinusoidal arch problem of (1) is employed as the vehicle for discussion. This, however, is a matter of convenience.
Similar analyses and conclusions, as will be made here, can be made for other geometries and damping mechanisms (e. g., cylinders, spherical caps; viscoelasticity, etc. ). It was thought, however, that a specific example would better serve the goal of this article than would a gemral and perhaps undiscernible analysis. Tho extension of the concepts put forth here to other systems is considered to be more or less obvious.
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Formulation
We consider a shallow, simply supported sinusoidal arch (Fig. 1), which is governed by the following nonlinear differential equation of motion:
Here w (x) represents the initial unstressed position of the arch mid-0 surface and w(x) is the displacement of said midsurface due to the load p(z, t); both wo(x) and w(x) are measured from the line u 0 (Fig. 1) . The quantities P , h, E, I, A, L denote arch density, thickness, Yo•u•'s moduh s, second moment of area of the arch cross section, cross-sectional area, and length respectively. The term multiplying the constant p is representative of velocity-dependent damping. The coordinate z is illustrated in Fig. 1 ; t represents time. The notation is that of C I .
In addition to (2. 1) we have, for the simply supported sinusoidal arch, the following initial shape and boundary conditions, respectively:
In the sequel the load. P(x, t). is assumed to be of the form
where H (t) denotes the Heavilside step function.
The following initial conditions are specified along with equations (2. 1) to (2.4) : Fig. 2 to be the snap-through boundary 1 with a small value of the damping coefficient, y, and a small disturbance (initial conditions, (2.5)) of a certain type. (In Fig. 2 , e denotes a nondimensional arch rise; is the nondimensional load amplitude at which snap-through occurs if p2 is applied statically; q* is the nondimensional load amplitude leading to snap-through when p 1 is applied as
SThe concept of dynamic snap-through is defined mathematically in §4. ically and dynamically applied loads is apparent for sufficiently large E arch rises.
In this paper we show that, subject to sufficiently small dieturbances of a reasonably general class, the snap-through boundary for > 0 is a curve in the q%*/I vs. e-plane (Fig. 2) which is defined by symmetric snap-through up to the intersection with the line q•*/ % = 1, and ql*/T a1 thereafter. This curve is illustrated in Here a is an n-dimensional vector and g is an n-dimensional vectorvalued function. We shall say that z a 0 is (locally) asymptotically stable (in the sense of Liapunov) if 1) for each t > 0 there exists a 8, depending only on ( and a constant r, such that lla(vr)ll < c for all r a rprovided Ila (r )JI < 8, and 2) Ila (1.)lI 0 as r 0l 0 ow
Comparison Theorem
The following comparison theorems will aid our discussion: Theorems of this type, of which there exist many, are frequently referred to an Poincarg-Liapunov stability theorems. The reader is referred to $truble [4) and Bellman (5J for discussions.
Proof. Any solution of (3. In addition, we have I.
An exact solution of equation (4. 2 In addition to the assumption that % < (Qe let us assume q' is less than that required to cause dynamic, symmetric, snap-through, i. e., 
S<
M M.
Next, let us assume that % is given. We shall say that snap-through, 
